Introduction
Atrial fibrillation (AF) is an arrhythmia frequently encountered in patients hospitalized for acute myocardial infarction (MI), with a reported incidence up to 21%. 1 Atrial fibrillation in the setting of MI is associated with increased risk of mortality and thrombo-embolic events. 1 Dual antiplatelet therapy with aspirin and P2Y 12 inhibitors is standard antithrombotic therapy for secondary prevention after MI and percutaneous coronary intervention (PCI). 2 Treatment with oral anticoagulants is superior to antiplatelet therapy and reduces the incidence of ischaemic stroke in patients with AF. 3 However, a clinical problem arises when patients with AF are hospitalized for MI and undergo PCI, as they then are in the need for secondary prophylaxis 3 Today, guidelines from Europe recommend the use of triple therapy with aspirin, clopidogrel and an oral anticoagulant during an initial period after MI in patients with AF at increased risk for stroke. 4, 5 However, three randomized controlled trials have recently reported significantly higher bleeding risk when on triple therapy as compared to therapy with an oral anticoagulant in combination with a P2Y 12 inhibitor. [6] [7] [8] Nevertheless, no adequately powered randomized controlled trial has to date evaluated the efficacy of triple therapy. Also, meta-analyses show conflicting data regarding the efficacy of triple therapy as compared to dual antiplatelet therapy in regard to cardiovascular outcomes. [9] [10] [11] In the present study of patients admitted to all coronary care units in Sweden, we compared commonly used antithrombotic strategies after MI and PCI in patients with AF. We sought to evaluate the effectiveness and safety of antithrombotic therapies in patients over time after discharge.
Methods
This is an observational multicentre study of all consecutive patients in Sweden with a first admission to any coronary care unit due to STsegment elevation MI (STEMI) or non-ST-segment elevation MI (NSTEMI) between October 2005 and December 2012. The study included all patients who underwent in-hospital PCI due to their MI, and included only patients who had a previous diagnosis of AF or an electrocardiography finding of AF during the in-hospital course. Patients under 30 years and those not surviving the hospital course were excluded.
As specific drug combinations were examined, patients dispensing none or other antithrombotic agents than those studied during follow-up were excluded ( Figure 1 , see Supplementary material online, Table S1 ).
Data from the nationwide SWEDEHEART register were used to collect information about previous comorbidities, the in-hospital course, and discharge medication. SWEDEHEART includes all coronary care units in Sweden (n = 72), and patients are informed about their inclusion in the register and have the possibility to opt-out. 12 Data about comorbidities were enriched by data linking SWEDEHEART with the National Patient Register using the unique 10-digit civic registration number of each citizen. Tables S2 and S3 ).
Information about medication at arrival, discharge, and during followup was obtained by data linking SWEDEHEART with the National Dispensed Drug Register. All prescribed drug purchases in Sweden, including oral anticoagulants and antiplatelet drugs, are reported to the register which includes data about Anatomical Therapeutic Chemical classification codes, dates, dosages, and quantities for every prescription that has been dispensed since July 2005. Medication at baseline was determined using data entered in SWEDEHEART at discharge and was crossmatched with information from the National Dispensed Drug Register. Only information about warfarin, aspirin, and clopidogrel was collected in the study, since novel antithrombotic agents were not routinely used in the setting of MI and AF in Sweden during the study period. For aspirin and clopidogrel, the purchased quantity was used to determine the duration of treatment. An interruption gap of 20 days between dispenses was allowed to identify detectable gaps in dispensing data. For warfarin, as dose varies over time, each purchase was estimated to last 3 months with an interruption gap of 3 months between dispenses being allowed as 14 The risk of stroke was calculated using the CHA 2 DS 2 -VASc scores 15 (see Supplementary material online, Table S4 ).
The predefined primary cardiovascular outcome was a composite of all-cause mortality, MI, or ischaemic stroke. Secondary outcomes included all-cause mortality, MI or coronary death, stent thrombosis, and ischaemic stroke. A safety outcome included all major bleeds requiring in-hospital attention, with separate analyses of intracranial and gastrointestinal bleeds. Complete 1-year outcome, with no loss in follow-up, was available for all patients after discharge for MI. Data regarding readmission due to MI, ischaemic stroke, and major bleeding events were based on International Statistical Classification of Diseases, Tenth Revision (ICD-10) codes from the National Patient Register and the National Cause of Death Register. Data regarding readmission due to stent thrombosis were obtained from SWEDEHEART. Cause of death and death dates were obtained from the National Cause of Death Register (see Supplementary material online, Table S5 ).
The study was approved by the local ethics committee at Karolinska Institutet, and the data linkage was approved and performed by the Swedish National Board of Health and Welfare.
Statistics
Descriptive patient characteristics according to antithrombotic treatment at discharge are presented in a tabular format with percentages or as median with interquartile range (IQR). Crude event rates were calculated according to the number of events per 100 person-years. Simon-Makuch plots with a 0-90 and 91-365 days of landmark were plotted in order to illustrate the effect of antithrombotic medication during follow-up as a time-dependent factor. The association between antithrombotic medication during follow-up and outcome was assessed using time-varying Cox regression analysis allowing patients to switch antithrombotic regimen during follow-up. Two models were analysed, one unadjusted model and one model adjusting for potential confounding factors including newonset AF during the in-hospital course, and factors in the CHA 2 DS 2 -VASc scoring system 15 ; congestive heart failure, hypertension, age, diabetes mellitus, stroke, vascular disease, and gender. Continuous variables entered the Cox regression model using cubic splines to allow for the violation of the linearity assumption. Because of data enrichment to SWEDEHEART from the National Patient Register, no data were missing when adjusting for differences in baseline characteristics. Landmark analysis in combination with a time-varying Cox regression model was calculated to estimate the risk of the cardiovascular and safety outcome during an early (0-90 days) and late (91-365 days) period. Time until first event was evaluated for all outcomes during the respective landmark periods. No other censoring scheme was applied for the all-cause mortality outcome and the composite cardiovascular outcome. For all other outcomes, patients were also censored for mortality. In the landmark analysis for the late period between 91 and 365 days, patients were also censored if they died during the first 90 days or stopped taking any of the antithrombotic medications studied.
Three sensitivity analyses were calculated. The first sensitivity analysis was an intention-to-treat analysis using only data about antithrombotic medication at discharge. In a second sensitivity analysis, patients were censored at the time of change of drug treatment. In a final sensitivity model, the duration of warfarin treatment was calculated based on information about the purchased quantity and the average warfarin weekly dosage of 28.91 mg warfarin in patients with AF in Sweden according to the Swedish National Quality Registry for Atrial Fibrillation and Anticoagulation (AuriculA). 16 All P-values are two-sided and stated as significant if less than 0.05. Statistical data analyses were performed using R-statistics 2.15.9.
Results

Patient characteristics
The study consisted of 7116 consecutive patients with first admission for MI undergoing PCI and with a history of AF or an in-hospital diagnosis of AF. Baseline characteristics in relation to antithrombotic therapy at discharge are presented in Table 1 . The median age in the population was 76 years. During the index-hospitalization, 39.0% had a STEMI and 61.0% a NSTEMI. Revascularization with PCI with one or more stents was performed in 89.8% of the patients while 10.2% underwent PCI without stenting. Further patient and periprocedural characteristics are presented in Table 1 .
Risk scores and medication at discharge
The CHA 2 DS 2 -VASc score was > _2 in 96.6% of the patients. At discharge, 12.3% of the patients received single antiplatelet therapy, 1.6% warfarin monotherapy, 60.8% dual antiplatelet therapy (aspirin and clopidogrel), 1.9% aspirin plus warfarin, 7.3% clopidogrel plus warfarin and 16.2% triple therapy; in total, 26.9% received warfarin or a combination that included warfarin at discharge.
Cardiovascular outcomes
Landmark 0-90-day and 91-365-day analyses of the composite cardiovascular outcome of all-cause mortality, MI or ischaemic stroke are presented in Figures 2 and 3. As compared with dual antiplatelet therapy, the adjusted hazard ratio with 95% confidence interval (HR) for the composite cardiovascular outcome during 0-90 days was 1.38 (1.13-1.68) for single antiplatelet therapy, 1.37 (0.85-2.23) for warfarin monotherapy, 0.82 (0.54-1.26) for aspirin plus warfarin, 0.90 (0.68-1.19) for clopidogrel plus warfarin and 0.86 (0.70-1.07) for triple therapy, respectively. In the landmark analysis from 91 to 365 days, compared to dual antiplatelet therapy, the HR was 0.46 (0.33-0.65) for warfarin monotherapy, 0.62 (0.48-0.79) for aspirin plus warfarin, 0.68 (0.49-0.95) for clopidogrel plus warfarin and 0.78 (0.58-1.05) for triple therapy.
All-cause mortality, MI or coronary death, stent thrombosis and ischaemic stroke outcomes are presented in Figure 4 . In the landmark analysis for all-cause mortality between 0 and 90 days and compared to dual antiplatelet therapy, a HR of 2.18 (1.60-2.97) and 2.06 (0.95-4.45) was seen for single antiplatelet therapy and warfarin monotherapy, respectively. Aspirin plus warfarin, clopidogrel plus warfarin and triple therapy did not significantly differ from dual antiplatelet therapy between 0 and 90 days. For single antiplatelet therapy, a similar but non-significant result was observed in the landmark analysis from 91 to 365 days. Between 91 and 365 days, warfarin monotherapy, aspirin plus warfarin, clopidogrel plus warfarin and triple therapy were all associated with lower HR of all-cause mortality than dual antiplatelet therapy.
In the landmark analysis from 0 to 90 days, single antiplatelet therapy compared to dual antiplatelet therapy was associated with higher HR of MI or coronary death, HR In the bare metal stent group, only patients receiving bare metal stents were included. In the drug eluting stent group, patients receiving at least one drug eluting stent was included, regardless of if they also received a bare metal stent. warfarin. No significant difference was seen for clopidogrel plus warfarin and triple therapy compared to dual antiplatelet therapy. Only 43 events of stent thrombosis were recorded in the total population during a 1 year of follow-up. Single antiplatelet therapy and warfarin monotherapy were significantly associated with higher HR of stent thrombosis as compared to dual antiplatelet therapy in the 0-90 days of landmark analysis. No other significant associations were observed.
Compared to dual antiplatelet therapy, the 0-90 days of HR of ischaemic stroke was 0.51 (0.16-1.62) for aspirin plus warfarin and 0.45 (0.18-1.11) for clopidogrel plus warfarin. In a combined cohort of patients treated with single antiplatelet, i.e. aspirin or clopidogrel plus warfarin, the 0-90 days of HR of ischaemic stroke was 0.47 (0.23-0.97). For triple therapy, the 0-90 days of HR of ischaemic stroke was 0.37 (0.19-0.74). Single antiplatelet plus warfarin therapy was significantly associated with a lower HR of ischaemic stroke in the 91-365 days of landmark analysis, adjusted HR 0.54 (0.33-0.88). All other treatment strategies showed no significant differences when compared to dual antiplatelet therapy.
Major bleeds requiring in-hospital attention
In patients undergoing PCI and treated with triple therapy, as compared with dual antiplatelet therapy, the adjusted 0-90 days of HR of major bleeds requiring in-hospital attention was 2.16 (1.48-3.13). In the landmark analysis between 91 and 365 days, triple therapy was associated with a borderline significant higher HR, 1.61 (0.98-2.66). No differences in major bleeds were seen across the other treatment strategies (Figures 2 and 3) . Few events of intracranial bleeds were recorded during follow-up. As compared to dual antiplatelet therapy, only aspirin plus warfarin was associated with a higher risk of intracranial bleeds, HR 4.23 (1.16-15.36). Triple therapy showed a borderline higher risk of 0-90 day intracranial bleeds, HR 2.64 (0.98-7.11). All other treatment strategies were comparable to dual antiplatelet therapy in regard to intracranial bleeding events. No significant differences were seen across treatment strategies in regard to gastrointestinal bleeds requiring in-hospital attention ( Figure 5 ).
Sensitivity analyses
Three sensitivity analyses were conducted. In the intention-to-treat analysis, based only on antithrombotic medication at discharge, the results were similar to the findings for the landmark analysis between 0 and 90 days for the composite outcome (see Supplementary material online, Table S6 ). The second sensitivity analysis compared antithrombotic medication in patients until their first change in treatment regimen over time after which the patients were censored. The results in this analysis showed similar outcomes as in the landmark analysis between 0 and 90 days (see Supplementary material online, Table S7 ). The third sensitivity analyses used a different model for calculating the duration of warfarin treatment based on the average weekly dosage of 28.91 mg warfarin in patients with AF in Sweden. This analysis resulted in similar findings as seen in the main study design (see Supplementary material online, Table S8 ). 
Discussion
In this large cohort of consecutive patients with MI and AF undergoing PCI in Sweden, we found that aspirin or clopidogrel plus warfarin was associated with a similar 0-90 days and a lower 91-365 days of risk of the composite of mortality, MI, or ischaemic stroke compared with dual antiplatelet therapy. Treatment with either aspirin or clopidogrel plus warfarin was not associated with increased risk of major bleeds compared to dual antiplatelet therapy. Triple therapy was associated with a similar risk of the composite of mortality, MI, or ischaemic stroke, but with an almost doubled risk of major bleeds requiring in-hospital attention than dual antiplatelet therapy. Notably, our study also illustrates that only 26.9% of the patients were prescribed oral anticoagulation with warfarin, with or without concomitant antiplatelet therapy at discharge.
Recent guidelines suggest the use of triple therapy during a period after coronary stenting in patients with MI and AF. 4, 5 However, these recommendations are mainly based on small single-centre or retrospective studies with inherent limitations. [17] [18] [19] Consequently, optimal antithrombotic therapy for patients with AF post-MI is unknown. In the Clopidogrel in Unstable angina to prevent Recurrent Events (CURE) trial, 2 dual antiplatelet therapy with aspirin and clopidogrel was superior to aspirin alone in patients with acute coronary syndromes. In patients with AF, the Atrial Fibrillation Clopidogrel Trial With Irbesartan for Prevention of Vascular Events (ACTIVE-W) 3 indicated that oral anticoagulants was superior to aspirin plus clopidogrel at preventing stroke and systemic embolism, with a trend for reduction in MI. This is in line with older studies on warfarin after MI during the pre-PCI era, which showed that treatment with oral anticoagulants reduced the risk of mortality and re-infarction compared to placebo or aspirin. 20, 21 To date, no large randomized trial has examined the population of patients with AF and a strong indication for oral anticoagulants in the setting of MI. Our real-life data suggests that triple therapy, in the PCI treated patients after MI and with AF, significantly increases the risk of major bleeds, including intracranial bleeding events, with only a modest non-significant lower risk of cardiovascular outcome. However, a combination of either aspirin plus warfarin or clopidogrel plus warfarin does not seem to be associated with an increased risk of major bleeds, but with a lower risk of cardiovascular outcome than dual antiplatelet therapy.
The findings in our study are consistent with the What is the Optimal Antiplatelet and Anticoagulant Therapy in Patients with Oral Anticoagulation and Coronary Stenting (WOEST) trial 6 in which patients undergoing PCI and taking oral anticoagulants, regardless of indication, were randomized to either triple therapy or dual therapy with an oral anticoagulant plus clopidogrel. This study was powered to show differences in the primary endpoint of any bleeding events within 1 year and showed that the use of an oral anticoagulants plus clopidogrel, as compared to triple therapy, reduced the risk of bleeding events with no increase in rate of thrombo-embolic events. However, the WOEST trial included only 573 patients of whom 69% had AF as the indication for oral anticoagulation, few patients in the WOEST trial underwent PCI due to acute coronary syndrome (27%) and patients on triple therapy received it continuous for 12 months. In addition, the WOEST trial only compared an oral anticoagulant plus clopidogrel vs. triple therapy, but did not study the combination of an oral anticoagulant plus aspirin, while the combinations of an oral anticoagulant with either aspirin or clopidogrel are reported in our study. A observational study by Lamberts et al. 22 reports the risk of bleeding and thrombo-embolic events in 12 165 patients with AF after MI or PCI. It showed that treatment with oral anticoagulants and clopidogrel, as compared with triple therapy, had similar bleed risk with no increase in all-cause mortality, MI/coronary death, and ischaemic stroke. Our results are largely consistent with this study. Compared to their study ours may offer some strengths as we have a more homogenous and rigorous inclusion criterion including only patients with MI and AF undergoing PCI rather than all AF patients hospitalized due to MI, regardless of if they undergo PCI or not, and/ or undergo elective PCI. In a recent single-centre observational study by Choi et al., 23 the risk of cardiovascular events (cardiovascular death, MI, or stroke) and major bleeding events was studied in 711 patients with AF undergoing coronary stenting. In an intention-totreat analysis, relative to dual antiplatelet therapy, triple therapy was associated with similar risk of cardiac events, but with a higher risk of bleeding events. These findings are similar to our results, however, based only on an intention-to-treat analysis. In our nationwide study, we were able to follow antithrombotic prescription over time and were able to adjust for changes in antithrombotic drug treatment combinations after discharge. The risk of stent thrombosis is a serious complication and of great concern after PCI where studies have shown a beneficial effect with dual antiplatelet therapy compared to single antiplatelet therapy. 2 Our study confirms that the risk of stent thrombosis might be increased in patients treated with single antiplatelet therapy than dual antiplatelets during the first 90 days after discharge. However, no significant differences were seen for single antiplatelet plus warfarin therapy or triple therapy vs. dual antiplatelet therapy in regard to stent thrombosis. Furthermore, our real-life data suggests that the rate of stent thrombosis is low and that omitting oral anticoagulation in favour of dual antiplatelet therapy due to concerns of stent thrombosis might result in net negative outcome. Also, of great concern in our real-life study is that only 26.9% were prescribed oral anticoagulation treatment, with or without concomitant antiplatelet therapy, at discharge even though the vast majority of patients had an indication for oral anticoagulation therapy according to the CHA 2 DS 2 -VASc score. 15 During recent years, new and potent antiplatelet agents such as prasugrel and ticagrelor have been evaluated with beneficial effects in patients with MI, with sparse data in patients with AF. 24 Moreover, non-vitamin K antagonist oral anticoagulants (NOAC) have shown to be at least as effective and safe as warfarin in patients with AF. 25 
Limitations
This is an observational cohort study with inherent limitations affecting the conclusions that can be drawn. First, patients were not randomized to the different treatment arms and we had no information regarding provider rationale for treatment choices. Although we were able to adjust for important confounders, the information about comorbidity was limited to the diseases that were registered in SWEDEHEART or the National Patient Register, with ample room for confounding by indication. As such, there might be other unmeasured confounders affecting the choice for antithrombotic strategies that were not adjusted for, such as individual preferences, practice patterns, and as an example the use of bare metal stents in about 70% of the patient population. However, any selection bias is likely to affect the estimates conservatively as healthier patients probably more often received triple therapy. We also had limited information about patient adherence to specific treatment regimens, except drug prescriptions being dispensed during follow-up according to the National Dispensed Drug Register, which could possibly lead to both an underestimation or overestimation of cardiovascular and bleeding risk. Also, our study lacks data on anticoagulation control. Nevertheless, our patient cohort represent a real-life population, and it has been previously shown that anticoagulation control in Sweden generally is very good with average time in therapeutic range >75%. 27 Also, the bleeding outcome was restricted to hospitalizations for bleeding events or death related to bleeding events. Thus, the risk of bleeding is probably underestimated. Finally, we did not have brain-imaging data. Thus, some strokes reported as ischaemic may actually have been haemorrhagic.
Conclusions
In patients with MI and AF undergoing PCI, we found a substantial underutilization of oral anticoagulation with approximately one-quarter of the patients receiving warfarin, despite 97% of them having a strong indication for such therapy based on CHA 2 DS 2 -VASc score > _ 2. Compared to dual antiplatelet therapy, treatment with warfarin plus a single antiplatelet agent was associated with a non-significant lower cardiovascular risk during the first 90 days and a significant lower risk between 91 and 365 days, without a higher risk of major bleeding events. Triple therapy was associated with a non-significant lower cardiovascular risk and a substantially higher risk of major bleeds.
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